Active clamp dcdc converters are recently intro'duced family of two switch pulse width modulated converters featuring zerovoltage switching. The topological structure of these converters in relation to their hard-switched PWM converters is highlighted. With proper designation of the circuit variables (throw voltage V and the pole current I), all these convertem are seen to be governed hy an identical set oiequations. In this framework, these circuits exhibit 6 sub-periods per cycle with identical current waveform in the resonant inductor. With idealized switches, the steady-state performance is obtainable in an analytical form. This set of equations may be solved through a simple spreadsheet programme. The steady-state performance provides a design constraint on the normalized current. The conversion ratio of the converter is also readily available. A generalized equivalent circuit emerges for all these converters from this steady-state conversion ratio. It is interesting to note that this equivalent circuit provides a dynamic model as well. The circuit model proposed in this paper enables one to use the familiar state space averaged results of the standard PWM de-to-de convertem (both steadystate and dynamic) for their ZVS active clamp counterparts 1
Introduction
Single ended active clamp converters are becoming popular for compact dc-dc converters switching at frequencies beyond 100KHz. The analysis of such converters has been presented with different topologies and different levels of approximation ['I. The realization of ZVS active clamp variation for many of the dc-dc converter topologies has also been presented in the past'". Such proliferation of converters with variable frequency control under the classification of quasi-resonant converter has also been reported earlier. The unified model of all quasi-resonant converters was brought out elegantly in a paper in 1987'3'.
The present paper identifies such a unified performance results of the ZVS active clamp converters. This is done by defining a normalized current (lN) through the pole current (I) , throw voltage (V), and the switching period (Ts) of the switch[". With such a definition, the circuit intervals and the defining equations become identical in all the ZVS active clamp dc-dc converters, In the sections that follow the method of analysis is outlined through the example of Buck converter with active clamp. The circuit -Topologies in the sub-interval and the solution for the same under idealized operation are derived Equivalent circuits valid for steady state as well as dynamic performance is proposed. C. 
Principle and operation of active clamp buck converfer
The ZVS buck converter with active clamp, illustrated for analysis here is presented in fig. 3 . The operation of the circuit follows sequentially the subcircuits shown below.
Normalized current is defined in terms of pole current 1, throw voltage V, and the switching period Ts. The ZVS buck converter with active clamp, illustrated for analysis here is presented in fig. 3 , along with idealized waveforms. The operation of the circuit follows sequentially the sub-circuits shown above.
Interval TI starts when the main active switch turns on following the freewheeling state. This is followed by commutation of current from freewheeling diode (T2). In interval T3, the resonant inductor is freewheeling. At the end of T3, the main active switch is turned off. in interval T4, LR loses its excess energy and after a short resonant interval T5, the circuit moves on to the freewheeling state. The simulated and the idealized waveforms of i(t) (current through LR). capacitor current and the pole voltage waveforms are shown in fig. 4 . Interval T6 The inductor current drops from I(T5) to kl(T5)
linearly in T6 with a rate of change of current of VclLR.
kI(T5) is the same current as the starting current in TI. With a few steps of calculation the following may be established. The power that flows into the clamp capacitor must be zero in a switching cycle for the operation to be steady. The voltage across C, is constant, so its average current must be zero. Thus from I,(t) waveform we have:
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Spread sheet organizaiion iable for steady siaie performance
Starting with an initial value of Vc and kI(T5), one may compute sequentially through the 6 intervals to obtain a steady-state solution. A spreadsheet may be conveniently used for this purpose as shown in Table 1 . The first guess for the initial current kI(5) and Vc.are entered and re-entered from the computed values till convergence is obtained. The number of iterations is in most cases not more than 3. Figure 5 shows the clamp ratio and conversion ratio as a function of the normal current IN. Note the X-axis intercept in the clamp ratio (fs/2nfR).
Sieady stale conversion ratios.
The conversion ratio M=VJV, can be evaluated by averaging the pole voltage over a full cycle. Under the assumption that the resonant frequency is much higher than the switching frequency, the conversion ratio for the buck converter is The X-axis intercept in the clamp ratio (fs12nfR) is found to lie between 0.02 to 0.03 in both experimental results and spreadsheet design results.
Small signal model of active clamp buck converter
As a means o f confirmation of the small signal model o f the active clamp buck converter, output impedance is measured using the network Analyzer. The output impedance measurement is done with both the active clamp circuit disabled (hard switched buck converter) and the active clamp circuit enabled for the circuit shown in fig, 9 . 
